The in-plane magnetic penetration depth λ ab of the iron selenide superconductor with the nominal composition FeSe0.85 was studied by means of muon-spin rotation. The measurements of λ −2 ab (T ) are inconsistent with the presence of nodes in the gap as well as with a simple isotropic s−wave type of the order parameter, but can be equally well described within a two-gap (s + s) and an anisotropic s−wave gap picture. This implies that the superconducting energy gap in FeSe0.85 contains no nodes. PACS numbers: 76.75.+i, The recent discovery of the Fe-based high-temperature superconductors has attracted considerable attention to the pnictides. The superconductivity was first found in LaO 1−x F x FeAs [1] and, later on, in other singlelayer arseno-pnictides by replacing La with various rareearth elements (Sm, Nd, Pr, Ce, Ho, Y, Dy, and Tb)
The in-plane magnetic penetration depth λ ab of the iron selenide superconductor with the nominal composition FeSe0.85 was studied by means of muon-spin rotation. The measurements of λ −2 ab (T ) are inconsistent with the presence of nodes in the gap as well as with a simple isotropic s−wave type of the order parameter, but can be equally well described within a two-gap (s + s) and an anisotropic s−wave gap picture. This implies that the superconducting energy gap in FeSe0.85 contains no nodes. The recent discovery of the Fe-based high-temperature superconductors has attracted considerable attention to the pnictides. The superconductivity was first found in LaO 1−x F x FeAs [1] and, later on, in other singlelayer arseno-pnictides by replacing La with various rareearth elements (Sm, Nd, Pr, Ce, Ho, Y, Dy, and Tb) [2] as well as in oxygen-free compounds such as doped double-layer MFe 2 As 2 (M=Ba, Sr, and Ca) [3] and singlelayer LiFeAs [4] . The common structural feature of all these materials is the Fe-As layers consisting of an Fe square planar sheet tetrahedrally coordinated by As. Recently, superconductivity with the transition temperature T c ≃ 8 K was discovered in α−FeSe with PbOstructure [5] . This compound also has a Fe square lattice with Fe atoms tetrahedrally coordinated by Se ones, similar to the structure of FeAs planes in the single-and the double-layer arseno-pnictides. In this respect FeSe, consisting of the "superconducting" Fe-Se layers only, can be treated as a prototype of the known families of FeAs based high-temperature superconductors and, consequently, becomes a good modeling system to study the mechanism leading to the occurrence of superconductivity in these new class of materials.
Here we report a study of the in-plane magnetic field penetration depth λ ab in iron selenide superconductor with the nominal composition FeSe 0.85 by means of muon-spin rotation (µSR). λ −2 ab (T ) was reconstructed from the temperature dependences of the µSR linewidth measured in a magnetic field of 0.01 T. The observed λ −2 ab (T ) was found to be equally well described within the framework of anisotropic s−wave as well two-gap s + s−wave models. In a case of anisotropic s−wave model the maximum value of the gap at T = 0 was found to be ∆ 0 = 1.35 meV leading to 2∆ 0 /k B T c = 3.79, close to the weak-coupling BCS value 3.52. The twogap s + s−wave model yields ∆ 0,1 = 1.63 meV and ∆ 0,2 = 0.38 meV. The corresponding gap to T c ratios are 2∆ 0,1 /k B T c = 4.59 and 2∆ 0,2 /k B T c = 1.07 close to those reported for various single-and double-layer arseno-pnictide superconductors [6, 7, 8] .
Details on the sample preparation for FeSe 0.85 can be found elsewhere [5] . X-ray diffraction analysis reveals that the α-FeSe phase is dominant and that the amount of the impurity fraction does not exceed ≃7-10%. The AC magnetization (M AC ) measurements (µ 0 H AC = 0.1 mT, ν = 1000 Hz) were performed on a Quantum Design PPMS magnetometer at temperatures ranging from 1.75 K to 300 K. The superconducting transition temperature T c = 8.26(2) K was obtained as an intersection of the linearly extrapolated M AC (T ) with M AC = const line (see Fig. 1 ). Zero field (ZF), longitudinal field (LF) and transverse field (TF) µSR experiments were performed at the πM3 beam line at the Paul Scherrer Institute (Villigen, Switzerland). Here LF and TF denote the cases when the magnetic field is applied parallel and perpendicular to the initial muon-spin polarization, respectively. The experiments down to T ≃ 1.5 K were performed on the low-background General Purpose Surface-Muon instrument (GPS) and those down to T ≃ 0.02 K on the LowTemperature-Facility (LTF) instrument. First we are going to present the results of the ZF experiments. In the whole temperature region the ZF data were found to be well described by the single-exponential decay function:
Here A 0 is the initial asymmetry at t = 0 and Λ is the exponentional depolarization rate. The results of the analysis of the ZF data and the representative ZF and LF muon-time spectra are shown in Fig. 2 . The open and the closed symbols are from the measurements taken on the LTF and the GPS instruments, respectively. The exponential character of the muon polarization decay might be explained either by existence of fast electronic fluctuations measurable within the µSR timewindow [9] or by a static magnetic field distribution caused by diluted and randomly oriented magnetic moments [10] . To distinguish between these two cases LF µSR experiments were performed. As is shown in Ref. 11 in a case when the applied longitudinal field is much stronger than the internal field (B > 10B int ) the muon spins become "decoupled" from the static internal field. On the other hand, field fluctuations perpendicular to the applied external field can cause irreversible spin-flip transitions of the muon spin, leading to depolarization [9] . As is shown in the inset of Fig. 2 an external field of 0.01 T is already enough to completely decouple the muon spins.
This proves that the magnetism in FeSe 0.85 sample studied here is static in origin and is caused by diluted and randomly distributed magnetic moments. Bearing this in mind and by taking into account the presence of the relatively high paramagnetic contribution at T > T c (see Fig. 1 ) we may conclude that the magnetism observed in both, ZF µSR and magnetization experiments, has similar sources and, most probably, caused by the traces of Fe impurities [5] . The in-plane magnetic penetration depth λ ab was studied in the TF µSR experiments. In a powder sample the magnetic penetration depth λ can be extracted from the Gaussian muon-spin depolarization rate σ sc (T ) ∝ 1/λ 2 (T ), which probes the second moment of the magnetic field distribution in the mixed state [12] . For highly anisotropic layered superconductors (like the pnictide superconductors) λ is mainly determinated by the in-plane penetration depth λ ab [13] : σ sc (T ) ∝ 1/λ 2 ab (T ). By taking into account the weak magnetism observed in our ZF experiments (see Fig. 2 and discussion above) the TF µSR data were analyzed by using the following functional form:
Here γ/2π = 135.5 MHz/T is the muon gyromagnetic ratio, φ is the initial phase of the muon-spin ensemble, and σ = (σ 2 sc + σ 2 nm ) 0.5 is the Gaussian relaxation rate. σ nm is the nuclear magnetic dipolar contribution which is generally temperature independent [14] . The whole set of 0.01 T TF µSR data was fitted simultaneously with A 0 , Λ, and φ as a common parameters and σ and B int as individual parameters for each temperature point. The exponential relaxation rate was assumed to be temperature independent in accordance with the results of our ZF µSR experiments (see Fig. 2 ). σ nm was fixed to the value obtained above T c where σ = σ nm (see Fig. 3 ). The results of the analysis and the representative TF muontime spectra are shown in Fig. 3 . The open and the closed symbols are again from the measurements taken on the LTF and the GPS instruments, respectively.
The superconducting part of the Gaussian depolarization rate σ sc can be converted into λ ab via [9, 13, 15] :
where Φ 0 = 2.068 · 10 −15 Wb is the magnetic flux quantum. Fig. 4 shows λ −2 ab (T ) obtained from the measured σ sc (T ) by means of Eq. (3). Regarding the pairing symmetry, available experimental results on various single-and double-layer arseno-pnictides are divided between those favoring an isotropic [16, 17] as well as an anisotropic [18] nodeless gap and those supporting line nodes [19] . The two-gap behavior was also reported in Refs. 6, 8, 16, 20, 21 . Bearing this in mind the data in Fig. 4 were analyzed by using single-gap and two-gap models, assuming that the superconducting energy gaps have the following symmetries: s−wave (a), s + s−wave (b), anisotropic s−wave (c), and d−wave (d).
Temperature dependence of the magnetic penetration depth λ was calculated within the local (London) approximation (λ ≫ ξ) by using the following functional form [22, 23] : The two-gap calculations were performed within the framework of the so called α−model assuming that the total superfluid density is a sum of two components [23, 24] :
Here ∆ 0,1 and ∆ 0,2 are the zero-temperature values of the large and the small gap, respectively, and ω (0 ≤ ω ≤ 1) is the weighting factor which represents the relative contribution of the larger gap to λ [6] and Gonelli et al. [7] , and the first critical field measurements of Ren et al. [8] . The multiple gaps may originate from the multiple bands at the Fermi level of FeSe 0.85 . First-principle calculation indicates that the Fermi surface (FS) of FeSe is quasi-two dimensional and consists of hole-type sheets around the Γ point and electron-type sheets around the M point of the Brillouin zone [26] . It is conceivable that the two gaps open up on the different sheets of the FS. In this context, the present compound may resemble the situation of MgB 2 where a large gap opens on the FS derived from the orbitals in the boron plane, while a small gap opens on the FS derived from orbitals perpendicular to the boron plane [27] .
To conclude, muon-spin rotation measurements were performed on the superconductor FeSe 0.85 (T c ≃ 8.3 K). λ −2 ab (T ) was reconstructed from the temperature dependence of the Gaussian muon depolarization rate measured at µ 0 H = 0.01 T. The absolute value of the inplane magnetic penetration depth λ ab at T = 0 was estimated to be λ ab (0) ≃ 405 nm. The temperature dependence of λ −2 ab was found to be inconsistent with an isotropic s−wave as well as with a d−wave symmetry of the superconducting energy gap. A good agreement between the experimental data and the theory was obtained within the framework of a two-gap s + s and an anisotropic s−wave gap models thus suggesting that the superconducting energy gap in FeSe 0.85 superconductor is fully developed and contains no nodes.
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